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$\tilde{A}\tilde{x}=\tilde{b}$ $(\tilde{A}\in A, \tilde{b}\in b)$ , (1.1)
,
.
, “ ”, “ ” (1.1) $huU$
.
hull
Neumaier [4] . IR, $IR^{n},$ $IR^{n\cross n}$ , , $n$
, $n\cross n$ . ( . )
$x=[\underline{x}, \overline{x}]\in IR^{n}$ , , , , $x$ : $=(\overline{x}+\underline{x})/2,$ $\rho(x):=$
$(\overline{x}-\underline{x})/2,$ $|x|$ $:= \sup\{\overline{x}, -\underline{x}\}=\sup\{|\tilde{x}||\tilde{x}\in x\}$ . $|A|$ $:= \sup\{|\overline{A}||\tilde{A}\in A\}$
. Ostrowski $\langle\cdot\rangle$ , $A\in IR^{n\cross n}$ , $A’=\langle A\rangle$ , ,
$A_{t}^{r_{i}}\cdot$ $:= \min\{|\tilde{a}||\tilde{a}\in A_{ii}\},$ $A_{ij}’$ $:=-|A_{i_{J}}\cdot|$ for $i\neq j$ , .
$\Sigma\subseteq R^{n}$ hull $\Sigma$ \Sigma $:=[ \inf\Sigma, \sup\Sigma]$ (
, ) . 2 $x,$ $y\in IR^{n}$ ( ) ,









$A,$ $B\in IR^{n\cross n}$ ,
$A\pm B$ $;=$ $\{\tilde{A}\pm\tilde{B}|\overline{A}\in A,\tilde{B}\in B\}$ ,
$A^{-1}$ $:=\square \{\tilde{A}^{-1}|\tilde{A}\in A\}$ ,
.
$||A||$ $:=|| \sup_{||x||=1}|Ax|||$ ; $u\in R^{n}$
$j$ $||x||_{u}$ $:= \max_{\mathfrak{i}}(|x;|/u;),$ $||A||_{u}$ $:= \max;(\sum_{k}|A_{ik}|u_{k})/u_{i}$ , .
$S$ : $IR^{n}arrow IR^{n}$ , (i) $x\subseteq y\Rightarrow Sx\subseteq Sy,$ $(\ddot{u})$
$\alpha\in R\Rightarrow S(x\alpha)=(Sx)\alpha,$ $(i\ddot{u})$ $S(x\pm y)\subseteq Sx\pm Sy$ , $S$
(sublinear) . $S$ $\kappa(S)(\in IR^{n\cross n})$ .
(iv) $\rho(Sx)\geq|S|\rho(x)$ , (normal) .
$A^{M}$ : $xarrow Ax$ ( ) .
2
Oettli and Prager [7] , (1.1) ,
$X=\{x||A_{c}x-b_{c}|\leq\triangle|x|+\delta\}$ (2.1)
$|x|_{i}=|x;|,$ $\triangle=\rho(A),$ $\delta=\rho(b)$ , , $X$
[6] .
$A\in IR^{n\cross n}$ , hull $A^{H}$ ,
$A^{H}$ : $barrow\square \{\tilde{A}^{-1}\tilde{b}|\tilde{A}\in A,\tilde{b}\in b\}$ ,
121
, $A^{H}$ . $A^{H}b\subseteq A^{-1}b$ . (tight )
$A^{H}$
$2^{n}$ $Y=\{y\in R^{n}||y_{j}|=1, j=1, \ldots, n\}$ .




conv $X=conv\{x_{y}|y\in Y\}$ ,
. I




(2.3) Lemke $A$ $x_{y}$
Rohun
$2.2[9]$ . $A\in IR^{n\cross n}$ . , (1.1) $X$
y $y_{i}=z;,$ $(x_{y})_{j}(x_{z})_{J}\cdot<0,$ $\Delta_{ij}>0$ $y,$ $z\in Y,$ $i,$ $j\in\{1, \ldots, n\}$
.
$A$ thick $(\triangle>0)$ , $(x_{y})_{J}\cdot(x_{z})_{j}<0$ $y,$ $z\in Y,$ $y\neq-z,$ $j$
$\{1, \ldots, n\}$ .
[10] $A$ $\underline{x}$ $\overline{x}$
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2.3([10, Theorem 4.7] ). $A\in IR^{n\cross n}$ - $A^{-1}\geq 0$
. $A^{H}b$ (2.2) $y=e=(1, \ldots, 1)^{T}$ 2
$x_{y},$ $x_{-y}$
$X$ ?
1. $A\in IR^{n\cross n}$ $A^{-1}\geq 0$ .
1 $X$
(a) $b\in IR^{n}$ $b\geq 0$ $b\leq 0$
(b) $b$ thin $(\delta=0)$
[ ] (a): $X$
(b): $x^{1},$ $x^{2}\in X$ , $\tilde{A}^{1}x^{1}=\tilde{A}^{2}x^{2}=b$ $\tilde{A}^{1},\tilde{A}^{2}\in A$
$0\leq\lambda\leq 1$






(2.4) (a) $u^{c}=(1-\lambda)u^{1}+\lambda u^{2}(u^{i}=$
$(\tilde{A}^{i})^{-1}T_{z}\tilde{A}^{i}x^{i},$ $i=1,2$ ) $Bu^{c}=Db$ $B\in A$
$B=\tilde{A}^{1}(I-\lambda(I-(\tilde{A}^{2})^{-1}\tilde{A}^{1}))^{-1}=\tilde{A}^{c}$
2. $A\in IR^{n\cross n}(n\geq 2)$ $A^{-1}\geq 0,$ $\Delta>0$ $0\in intb$
I
[ ] 2.3 $y=e=(1, \ldots, 1)^{T}$ $\overline{x}=x_{y},$ $\underline{x}=x_{-y}$
$\tilde{A}\in A$ $\overline{x}\geq\tilde{A}^{-1}e>0,$ $\underline{x}\leq\tilde{A}^{-1}e<0$
22 $z=e,$ $-e$ $x_{z}\neq 0$ $x_{z}=0$ (2.3)
$A_{ye}^{-1}b_{y}=0$ $A_{ye}$
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(N). $y\in Y$ (2.3) $x_{i}^{+}>0$ $x_{\dot{t}}^{-}>0$
2.4. $A\in IR^{n\cross n}(n\geq 2)$ $A^{-1}\geq 0,$ $\triangle>0$ .
(N) $X$




: $x^{1},$ $x^{2}\in X$ $x_{j^{X_{J}}}^{12}<0$ $\overline{x}_{j}\geq\max\{x_{j}^{1}, x_{J}^{2}\},$ $\underline{x}_{J}\cdot\leq$
$\min\{x_{j}^{1}, x_{j}^{2}\}$ $\overline{x}_{j^{\underline{X}}j}<0$ $A^{-1}\geq 0$ $y=e$
$\overline{x}=x_{y},$ $\underline{x}=x_{-y}$ $n\geq 2$ (H) $z\neq y,$ $-y$
$(x_{z})_{j}(x_{y})_{j}<0$ $(x_{z})_{j}(x_{-y})_{j}<0$ 22
2.5. $A\in IR^{n\cross n}(n\geq 2)$ $A^{-1}\geq 0,$ $\triangle>0$
(N) $X$ $y=e$
$(x_{y})_{i}(x_{-y});\geq 0,$ $i=1,$ $\ldots,$ $n$
[ ] 2.4 2.3 1
26. $A\in IR^{nXn}(n\geq 2)$ $A^{-1}\geq 0,$ $\triangle>0$
(N) $x\in X,$ $(x_{i}\neq 0, i=1, \ldots, n)$ .
$X$ $z=sgn(x)$ $i$ $(\overline{AT_{z}}x)_{i}=\underline{b}_{4}$. or
$(AT_{z}x)_{i}=\overline{b}_{i}$ $x\geq 0$
[ ] 2.4 [8, Theorem 1]
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3 $Hull\emptyset$ outer estimation
3.1 Gauss
( ) $L(U)$ , ( ) $L^{F}(U^{F})$
.
$A\in IR^{n\cross n}$ $(L_{A}, U_{A})$ ( $L_{A}$ 1 ) ,
$L_{A},$ $U_{A}$ , $A^{G}$ $:=U_{A}^{F}L_{A}^{F}$ , $A^{G}b=U_{A}^{F}L_{A}^{F}b$ for $b\in IR^{n}$
$A^{G}$ $A$ Gauss .
3.1[4]. $A\in IR^{n\cross n}$ $A^{G}$ . , $A^{G}$
, $A$ ,
$A^{H}\subseteq A^{G}$ (3.1)




, $A$ $H$ (3.2 ) , $A^{G}$ , $|A^{G}|=(U_{A}\rangle^{-1}(L_{A}\rangle^{-1}\leq$
( $A\rangle^{-1}$ .
$A\in IR^{nXn}$ $A_{i_{J}}\cdot\leq 0(i\neq j)$ , $u\in R^{n}$ $Au>0$
, $M$ . $A,$ $B\in IR^{nXn}$ $M$ , (i) $A$ |, $A^{-1}\geq 0$
$(A\rangle$ $=A, (ii)x>0\Rightarrow A^{-1}x>0$ , (iii) $A-B$ $M$
$\sigma(A^{-1}B)<1$ , . $M$ Gauss
3.2. $A\in IR^{nXn}$ $M$ , $A^{H}b=A^{G}b$




$A\in IR^{n\cross n}$ $u\in R^{n}$ $\langle A\rangle u>0$ , , $\langle A\rangle$ $M$
, $A$ $H$ . $M$ , , $H$
.
$A$ $A=L-E$ , $L$ , $A=L\ominus E$ ,
$E$ $0$ , \langle $L$ ) $-|E|$ $M$
. , Richardson $A=I-E$ $(E :=I-A)$ , Jacobi
$A=D-E$ , $(D_{i}; :=A:;, E_{ii} :=0;D_{ij} :=0, E_{ij} :=-A_{ij}i\neq j)$ , Gauss-Seidel
$A=L-U,$ $(L_{ij}=0, U_{ij}=-A_{ij}, i<j;L_{ij}=A_{ij}, U_{ij}=0, i\geq j)$ 3
, Jacobi, Gauss-Seidel , . , $A$
, $A$ $H$ .
, $H$ $A$ $A=L-E$ $x^{l+1}=L^{F}(b+Ex^{l}),$ $l=$
$0,1,2,$ $\ldots$ .
$3.3[4]$ . $A$ $H$ . , $A=L\ominus E$
$||q(x^{l+1}, x)||\leq\beta||q(x^{1}, x)||,$ $||(L\rangle^{-1}|E|||=\beta<1$ $x$





[4] Gauss-Seidel $||\langle L\rangle^{-1}|E|||$
$A$ $A^{-1}\geq 0$ $A^{H}b$ ([5] )







$A=($ $[- \frac{1}{2},0]1$ $[- \frac{1}{2,1} ‘ 0]$ ) and $b=(\begin{array}{l}1-2\end{array})$
Gauss ,






$L=(\begin{array}{ll}1 0[-\frac{1}{2},0] 1\end{array})$ , $U=(\begin{array}{ll}0 [0,\frac{1}{2}]0 0\end{array})$ ,
,
$Lx^{1+1}=b+Ux^{l}$ , $l=0,1,$ $\ldots$ ,
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